Introduction
Weanling pigs perform better when fed milk-based nursery diets rather than simple corn-soy nursery diets (Tokach et al., 1995) . Producers often use dried whey ( DW) in diets for weanling pigs. However, the relatively high and variable cost of dried whey encourages pork producers and feed manufacturers to seek more economical feedstuffs that will support rapid growth of pigs.
Milk chocolate product ( MCP) is a dried byproduct of milk chocolate, candy, and food industries. This by-product consists of approximately one-third whole milk, one-third cocoa, and one-third sucrose. Because MCP contains a high proportion of milk and is less expensive than dried whey, it may be an economical replacement for dried whey. With this in mind, four experiments were conducted to study the effects of substituting MCP for DW on growth performance of starter pigs.
Materials and Methods

Experiments 1 and 2. Experiment 1 used 216
Hampshire × (Yorkshire × Landrace) pigs averaging 7.4 kg (5.6 to 9.1 kg) and 25 d (21 to 27 d ) of age at weaning. Pigs were divided into two groups weaned 1 wk apart and blocked by initial weight. Gender and litter were balanced within blocks. Four dietary treatments were randomly assigned within blocks. Each treatment was randomly assigned to six pens, with nine pigs per pen. Experiment 2 used 224 Duroc × (Yorkshire × Landrace) pigs that averaged 6.4 kg (4.8 to 7.6 kg) and 25 d (22 to 28 d ) of age at weaning. Pigs were divided into two groups weaned 1 wk apart and allotted to one of four treatments using a randomized complete block design with four treatments in eight initial weight blocks. Gender and litter were balanced within blocks. There were a total of 32 pens, with seven pigs per pen and eight pens per treatment. Both experiments used the same four dietary treatments: 1 ) 0% DW + 0% MCP, 2 ) 20% DW + 0% MCP, 3 ) 10% DW + 10% MCP, and 4 ) 0% DW + 20% MCP. Diet composition is presented in Table 1 . Experiment 4. A total of 270 Duroc × (Yorkshire × Landrace) pigs with an average initial BW of 6.8 kg (4.9 to 8.9 kg) and age of 24 d (21 to 27 d ) were used to conduct a 2-wk preference trial. Pigs were divided into two groups weaned 6 d apart, were blocked by weight into five blocks within groups, equalized by litter and sex and allotted to one of the three comparisons (treatments) within blocks. There were 10 pigs per pen in group 1 and eight pigs per pen in group 2. The four experimental diets used in phase II of Exp. 3 were used to make three comparisons; 1 ) a diet with 15% DW + 0% MCP (control) vs a diet with 10% DW + 5% MCP; 2 ) control vs a diet with 5% DW + 10% MCP; 3 ) control vs a diet with 0% DW + 15% MCP. Before the start of the experiment, a 4-d adjustment period was used to avoid variation introduced by differential consumption patterns during the period of adjustment to dry feed. The diet fed during the adjustment period was a commercial starter diet and did not contain MCP. The free-choice method (Hegsted et al., 1956 ) was used to evaluate pig preference for different diets. Each pen had a sixhole feeder in which the trough and hopper was divided into two halves. Each divided feeder contained the control diet on one side and one of the MCP diets on the opposite side. Every 2 d, the remaining feed was removed completely from each side of the feeder separately, weighed, and returned to the opposite side of the feeder.
Diet Formulation and Pelleting. Lysine level was kept constant across diets in each phase of the four experiments by varying corn and soybean meal inclusion rate. DL-Methionine was added at the expense of corn to maintain the same methionine + cysteine level across diets in each phase of Exp. 3 and 4. In all diets used in the four experiments, ratios of all other amino acid concentrations to lysine concentration were calculated to be at least 10% higher than NRC (1988) ratios for 5-to 10-kg pigs. All diets were pelleted using a die that was 2.54 cm thick. The diameter of the pellet was .48 cm.
General Management and Data Collection. Pigs were housed in nursery pens that measured 1.0 × 1.5 m (Exp. 1 and 3: double-decked) or 1.2 × 1.5 m (Exp. 2 and 4). Room temperature was maintained at 31°C throughout the experiments. We allowed pigs ad libitum access to feed and water. Weight gain and feed intake were monitored weekly for the first three experiments. Feed consumption was recorded every 2 d and weight gain was measured on d 8 and 14 for the preference experiment (Exp. 4).
Statistical Analyses. Pen was used as the experimental unit for all analyses in Exp. 1, 2, and 3.
Experimental data for Exp. 1, 2, and 3 were subjected to analysis of variance with repeated measures using the General Linear Models procedures of SAS (1989) appropriate for randomized complete block design. The mathematical model used for analysis included the main effects of treatment, weaning group, block (nested within group), and the interactive effect of group × treatment. No effects of group and group × treatment were found. In Exp. 1 and 2, the negative control diet (0% MCP + 0% DW) was contrasted against the other three diets containing either MCP or DW. Linear and quadratic effects of MCP level were evaluated by using the three treatments containing either MCP or DW, excluding the negative control treatment. In Exp. 3, linear, quadratic, and cubic effects of MCP level were examined with single degree of freedom comparisons appropriate for equally spaced treatments (orthogonal polynomials). In Exp. 4 (preference experiment), feed intake differences between the two diets in each comparison (not the percentage of the total feed intake) were tested by a paired-comparisons t-test, with the two values from a pen being paired (SAS, 1989) . Pig performance data with the pen as the experimental unit were analyzed by using nonorthogonal contrasts: 1 ) the first comparison (0% vs 5% MCP) vs the second comparison (0% vs 10% MCP), 2 ) the first comparison vs the third comparison (0% vs 15% MCP), and 3 ) the second comparison vs the third comparison.
Results
Experiments 1 and 2. In Exp. 1, linear reductions in overall ADG ( P < .03), ADFI ( P < .06), and G/F ratio ( P < .04) with increased replacement of DW with MCP were detected (Table 4) , but no quadratic response ( P > .55) was detected. For the overall period, pigs fed a diet containing 20% MCP grew slower, consumed less feed, and were less efficient than pigs fed a 20% DW diet. In Exp. 2, linear reductions in overall ADG ( P < .01) and ADFI ( P < .001) with increased MCP levels in the diets (Table  5 ), but no quadratic effects ( P > .10) were observed. Over the entire experiment, pigs fed the 20% DW diet grew faster and ate more feed than those fed the two MCP diets and the diet containing 0% DW + 0% MCP. Efficiency of gain was not influenced by dietary treatments ( P > .05). In both experiments, treatment × week interactions ( P < .05) were observed for ADG, ADFI, and G/F, suggesting pig responses to diets were not the same during all weeks of the experimental period.
Experiment 3. Linear reductions ( P < .01) in both phase II (wk 2 through 4 ) and overall ADG were detected when dietary MCP level was increased from 0 to 15% (Table 6 ). Average daily gain for phase I (wk 1), phase II (wk 2 through 4), phase III (wk 5), and the overall period were similar between pigs fed the control diet containing no MCP and the diet containing 5% MCP. When dietary MCP level was increased from 0 to 15%, linear reductions ( P < .001) in ADFI for both phase II and the overall period and in gain/feed ratio for phase II were observed. Overall ADFI was similar between pigs consuming the 0% MCP or the 5% MCP diet. No effect of dietary MCP levels on overall G/F ratio ( P > .10) and no quadratic and cubic effects of dietary MCP levels on pig performance ( P > .10) were found in this experiment.
Repeated measured analysis found a treatment × phase interaction ( P < .05), suggesting the pigs' responses (ADG, ADFI, and G/F) to treatments were not the same during all phases.
Experiment 4. Within each comparison, pigs consumed more MCP diet than control diet ( P < .01; Table 7 ). Pigs allowed to choose the control diet or 15% MCP diet (comparison 3; Table 8 ) had poorer ( P < .05) ADG, ADFI, and G/F than pigs allowed to choose the control diet or the 10% MCP (comparison 2 ) or 5% MCP diet (comparison 1).
Discussion
The results of the first two experiments indicate that MCP should not be included in starter pig diets at a level as high as 20%. As a result, lower inclusion rates of MCP were used in Exp. 3 and 4. Overall ADG and ADFI of pigs fed the diet containing 10% DW + 10% MCP were similar to those of pigs fed the diet containing 20% DW + 0% MCP in Exp. 1 but were lower in Exp. 2. In both experiments, feed conversion was similar between these two treatments. Therefore, these findings did not clearly show whether substituting MCP for DW at 10% of the diet will support acceptable pig performance. The observation that overall ADG, ADFI, and G/F ratio were similar between pigs fed the negative control diet (0% MCP + 0% DW) and positive control diet (0% MCP + 20% DW) in both Exp. 1 and Exp. 2 was unexpected, and the reason for this was unclear.
The performance of pigs fed a diet containing 5% MCP was similar to that of pigs fed the control diet containing no MCP, suggesting that when MCP is less expensive than DW, diet cost and cost of gain can be reduced by substitution of up to 5% MCP for DW. Substitution of 10% MCP reduced growth rate during most weeks of Exp. 3. However, there was some evidence of improved growth rate and feed efficiency during phase I. Inclusion of 15% MCP was clearly detrimental to growth rate of pigs.
These three experiments show that MCP levels of 15% or more result in growth performance reductions and 10% MCP may reduce growth rate. However, a previous experiment at the University of Illinois suggested that pigs fed up to 12% MCP diet had growth performance similar to that of pigs fed the control diet containing DW, but no MCP (R. A. Easter and N. L. Trottier, personal communication). The data suggest that growth performance of pigs fed 5% MCP is similar to that of pigs fed the control diet containing no MCP, indicating that MCP can be a useful ingredient for starter diets and can replace DW at a dietary level of up to 5% without reducing pig performance.
The pigs showed a strong preference for all of the MCP diets over the control diet. When offered the choice of either the 5% or 10% MCP diets vs the control diet (side-by-side), 75% of the total feed intake was MCP-containing diets and 25% control diet, and the difference in consumption between MCP diets and control diet was significant ( P < .001). There was no indication that the preference changed between the first and second stages of the experiment. The preference of the pigs for a diet containing 15% MCP over the control diet was nearly as strong (65% of the total feed intake) as their preference for diets containing a smaller amount of MCP (75% of the total feed intake). Across dietary comparisons, the pigs did not select a constant proportion of MCP in their total diet. The percentage of MCP selected increased from 3.8 to 7.7 to 9.8 as the MCP diets offered along with the control diet increased from 5 to 10 to 15% MCP. Similarly, the total consumption of MCP per pig during the 14-d experiment increased from 204 to 413 to 486 g across the three comparisons.
Pigs offered the choice between the 15% MCP diet and the control diet (comparison 3 ) ate less total feed and grew more slowly than did the pigs offered other choices between diets with lower MCP levels and the control diet. This is consistent with reduced performance of pigs fed the 15% MCP diet in Exp. 3. Reduced performance occurred even though pigs could have selected the control diet instead of the high-MCP diet.
These findings suggest that there are detrimental effects of high dietary levels of MCP due to some factor(s) other than poor palatability. The identity of such a factor(s) is not known, but we offer the (Cromwell et al., 1996) . Therefore, substituting MCP for DW results in decreased lactose and increased sucrose in the diets. Effects of this change in dietary sugars on growth performance of nursery pigs are unknown. Second, chocolate contains theobromine (Zoumas and Smullen, 1992 ), a compound similar to caffeine and theophylline (Rall, 1990) . The pharmacological actions of these compounds include stimulating the central nervous system, stimulating cardiac muscle, relaxing smooth muscle, and acting on the kidney to produce diuresis (Rall, 1990) . The concentration of theobromine in our experimental diets and its effects on pig performance are unknown. Third, the level of threonine may have limited performance in the diets containing higher levels of MCP. Diets in Exp. 3 were formulated to have threonine levels higher than that recommended by NRC (1988) . However, the ratios of threonine/lysine calculated from the analyzed concentrations of threonine and lysine in the diets containing MCP were lower than that suggested by the ideal protein ratio of Baker and Chung (1992) for 5-to 20-kg pigs, and this ratio decreased with increased concentration of MCP in the diets. Therefore, the lower ratio of threonine/ lysine in the diets containing higher levels of MCP may have adversely affected pig performance in the experiments. Fourth, there may have been differences in digestibility of amino acids between MCP and DW that influenced growth performance. We are unaware of any experiment that has evaluated amino acid digestibility of MCP.
Implications
These experiments showed that pigs strongly preferred milk chocolate product (MCP) over dried whey (DW) and MCP could replace DW at a dietary level of 5% without reducing pig performance. However, MCP at dietary levels of 10% or more reduced pig performance. These findings suggest that the negative effects of high levels of MCP on growth performance are due to some factor other than palatability.
